Abstract-In this study rice husk has been used as an alternative adsorbent for the adsorption of Congo red from aqueous solution. Rice husk is low cost biodegradable adsorbent which is available at very low cost and shows promising results when exposed to Congo red in textile waste stream. Batch adsorption method at laboratory scale was used for the adsorption of Congo red from aqueous solution. Effect of contact time showed that maximum dye removal is achieved at 120 min. This time is the equilibrium time which was used to study the rest of parameters.
I. INTRODUCTION
Textile sector is one of the largest industrial sectors of Pakistan and biggest contributor of country's export. It is estimated that about 65% of the country's export is covered by textile sector. It also covers the 46% of industrial production and 9% of gross national product. 38% of employed industrial work force is attached with the textile industry [1] . Textile industry uses a lot of water in processing and dying which results in polluted waste water is left untreated. This waste water is the main source of water pollution which causes severe health problems to both human and animals [2] . The main source of waste water is the dye bath which uses dyes in abundance to color the clothes. Large quantities of water are used to make solutions of dyes in fabric washing [3, 4] . As a result, a considerable amount of colored effluent is generated. Treatment of the colored effluent is very essential because presence of vary small amounts of dyes (less that 1 ppm) in water is highly undesirable as these are dangerous to ecosystem and hinder to the aerobic digestion [1, 6] .
Due to insufficient dying techniques, large quantities of dyes are left unreacted and are discharged as waste. It is estimated that when reactive dyes are used, about 50% of the dyes are lost directly into waste water [7] . For the removal of dyes from waste water, a large number of physical and chemical techniques are available ranging from chemical/ physicochemical processes, biological processes, adsorption, coagulation and flocculation. Sono-chemical process and advanced oxidation are the advanced techniques for dye removal. Membrane separation technique is also employed on dye removal [8, 9] . All the techniques are multi-step processes to bring the waste water at adequate levels [6] .
Among these treatment methods, adsorption process is an efficient treatment process especially when the adsorbent is easily available and inexpensive [10] . Adsorption is a promising alternative wastewater treatment process because of simplicity of operation, easy handling of materials, sludge free process and regeneration capacity [11, 12] .
Many researchers had used various low cost adsorbents such as cattail root [15] , calcium rich fly ash [16] , cashew nut shell [17] , orange peel [18] , sugarcane bagasse [19] and bentonite [20] for the treatment of dyes containing wastewater.
In this study, we use rice husk (RH) as an adsorbent for the adsorption Conge red (CR) from its aqueous solution. CR is an anionic dye and it has been extensively used in rubber, plastic, paper and textile industries [1] . The structure of CR is presented in Fig.1 . RH is the by-product of the rice crop and easily available at a very low price.
II. MATERIALS

A. Rice Husk
Rice husk was collected from a local source at Mongi Bungalow, Toba Tek Singh, Pakistan. For the removal of muddy materials, the rice husk was washed with distilled water and then dried in the sunlight. After that the material was grounded and sieved to desired particle size. Particles between 177-250 microns were selected for experiments. The dried rice husk was activated at 110 °C for 2 hours in a hot air oven and then stored in an air tight container for further use. 
III. Methods
Batch experiments were carried out by stirring 250 mg of rice husk with 50 ml of aqueous solution of CR of known concentration in 250 ml round bottom flask placed in a temperature controlled rotamentle. The experiments were conducted at different concentrations (between 25-150 mg/l), temperatures (between 25-75 °C and sorbent doses (between 200-1200 mg) at a constant stirring rate. After the desired contact time, the samples were removed from round bottom flask and centrifuged at 3000 rpm for 2-3 min. after that UVspectrophotometer (set at a wavelength of 500 nm, maximum absorbance) was used to determine the final concentration of CR.
IV. RESULTS AND DISCUSSIONS
A. Effect of Contact Time
Different experiments were performed for the removal of CR from the aqueous solution using RH as an adsorbent at different contact times, keeping initial dye concentration, pH and temperature constant. The results are shown in Fig.2 . It is clear from the Fig.2 . that the removal of CR increase with an increase in contact time. When contact time increase from 15 to 120 min, the dye removal increases from 18.2% to 34.5%. There was a slight change observed in the removal of CR after 120 min. So, this time was considered as an equilibrium time. Fig.2 . is the graph of contact time verses percentage removal of dye from solution for adsorbent. It can be seen form the graph that adsorption of CR dye increases with time. The percentage removal of dye increases until it reaches an equilibrium value at 120 min after that removal of dye does not increase significantly so 120 min is selected as equilibrium contact time. As the contact time increase from 15 to 120 min, removal of dye increase for rice husk from 25.92 to 49.35%. 
B. Effect of Initial Dye Concentration
Removal of CR by RH using different initial concentration was studied at 28°C and the results are presented in Fig.3 . It is clear from the Fig.3(a) , percent removal of CR decreased with the increase in initial concentration but the actual amount of dye adsorbed (mg/g) increased with the increase in initial concentration as shown in Fig.3 (b) . When initial concentration of CR increase from 25 to 150 mg/l, the amount of dye adsorbed increases from 3.4 (54.48%) to 9.75 mg/g (26.01%).
This reduction in value of percentage removal of dye is due to the increase in dye concentration in solution. As the more dye is present in the solution, the same adsorbent is added to remove the increased amount of dye. The removal of CR increased because with the increase in CR concentration, the resistance to up-take of CR from the solution decreased [10] . Rate of adsorption also increases with the increase in initial concentration due to increase in the driving force [10] . Similar results were observed of CR removal on cattail root [15] and calcium rich fly ash [16] .
Fig. 3. Effect of initial dye concentration on adsorption of CR by rice husk. (a) Percent dye removal (b). Maximum dye removal (Conditions: T=28°C; pH= 7.1; sorbent dosage = 200 mg, t= 120 min) C. Effect of Adsorbent Dosage
Removal of CR by using different quantities of RH as an adsorbent was studied for 50 mg/l of aqueous solution at 28 °C and pH 7.1. Fig.4 . is the graph plotted between adsorbent concentration and percentage removal of dye. The removal of dye increases with the increase in adsorbent concentration because more adsorbent surface areas are available for the removal of dye. When the quantity of RH increases from 0.20 to 1.2 g, the percent dye removal increase from 49.35 % to 67.72 %. CR removal increases because adsorbent surface area and adsorbent sites increases with the increase in the amount of the adsorbent [15] . Similar results were obtained by different investigators for the adsorption of CR [13, 19] . As adsorbent concentration is increased from 200 mg to 1200 mg; percentage removal of dye increases initially but the value does not change significantly later on. The above graph also shows that optimum value of adsorbent concentration is 400 mg at which all the three adsorbents give good dye removal. After that no significant change in value of dye removal is noted.
D. Effect of Temperature
Removal of CR by RH was studied in the range of temperatures between 28 to 60°C for initial concentration 50 mg/l at pH 7.1 and the results presented in Fig.5 . Results shows that amount of dye adsorbed are slightly increased as temperature increases from 28 to 60°C. When temperature increases from 28-60°C, the percent removal of dye increases from 49.35 % to 53.13 % as shown in Fig.5 . Adsorption capacity may be affected by the diffusion process and chemisorption. If diffusion process is the rate controlling step, then adsorption capacity rises with the rise in temperature. This is due to endothermicity of the diffusion process. With the rise in temperature, retarding forces acting on the adsorbate decreases and mobility of the adsorbate increases [10] . This results in the increase in adsorption capacity. On the other hand, because of sufficient contact time if resistances involved in the diffusion of adsorbate are ignored, chemisorption may involve in the increase in adsorption capacity of RH [10] . Different other researchers has been reported the results similar to the current study [10, 14] . Where, is the adsorption capacity and is the adsorption intensity. For favorable adsorption conditions, value of must be in the range of 1-10 [21] . For Freundlich isotherm value of n, which is intensity of adsorption; should be in the range of 1-10 and value of R2 should not be less than 0.85. If the graph comes out to be a straight line, it can be assured that the Freundlich isotherm is satisfied for the system. Table. 1. The value of n calculated in this study under used conditions was 2.37 which mean that Freundlich isotherm was favorable for the adsorption of CR on RH [22] .
The value of R2 is calculated from graph which shows the average of mean of all errors or deviation from the straight line. An adsorbent is better if value of R2 is closer of 1. It is shown from the Table 1 . that rice husk has 0.955 value of R2, which proves good adsorbent for dye removal. 
V. CONCLUSIONS
From the present research work, it was found that Rice husk could be effectively used as an adsorbent for the removal of Congo red from aqueous solution. Effect of initial dye concentration, adsorbent dosage and temperature was studied for the adsorption of CR. Amount of dye adsorbed per unit mass of adsorbent increase for initial dye concentration from 3.4 (54.48%) to 9.75 mg/g (26.01%). Adsorbent dosage increases from 49.35% to 67.72% and rises with the increase in temperature from 49.35% to 53.13%. With the increase in contact time, percentage removal of dye increase from 49.35% to 67.72%. The experimental data obtained is analyzed against Freundlich isotherm equations. The results shows that the data obtained for the adsorption of CR on RH followed Freundlich isotherm. The adsorption capacity was found to be 1.284 mg/g while adsorption intensity was found to be 2.37 g/l. R 2 value for rice husk is 0.955 which shows good adsorption properties. Adsorption intensity calculated from Freundlich isotherm shows that RH could be used for the removal of CR.
